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ABSTRACT
The increase in the penetration of ultraviolet radiation that has been reported lately for freshwater
ecosystems in southern South America, would allegedly generate alterations in ecological processes.
In the present study, the mortality of Neobosmina chilensis (Daday 1902), a small cladoceran
distributed in South American lakes and ponds, was studied in this respect. Specimens were reared
in five different concentrations of dissolved organic carbon, and subjected to 24 hrs of exposure to
artificial ultraviolet radiation.
An inverse correlation between the dissolved organic carbon concentration and individual
mortality was found. This result supports the description of a screen effect of dissolved organic
carbon against ultraviolet radiation. The data obtained describe a linear relation, in which LC50
corresponded to 4.43 mg/l of dissolved organic carbon. The ecological implications of this result are
discussed.
RESUMEN
El incremento de la penetración de la radiación ultravioleta ha sido reportado para ecosistemas
lacustres en el sur de Sudamérica, y genera alteraciones en procesos ecológicos. En el presente
trabajo, se estudió la mortalidad de Neobosmina chilensis (Daday, 1902), un cladócero de pequeño
tamaño corporal distribuido en lagos y lagunas de América del Sur. Los especímenes fueron
mantenidos por 24 horas bajo cinco concentraciones de carbono orgánico disuelto, y con exposición
a radiación ultravioleta artificial.
Se observó una relación inversa notoria entre la concentración de carbono orgánico disuelto y la
mortalidad individual. Este resultado respalda la propuesta que el carbono orgánico disuelto genera
un efecto protector contra la radiación ultravioleta. Los resultados describieron LC50 correspondió a
4.43 mg/l of carbono orgánico disuelto. Se discutieron las implicancias ecológicas de los resultados
obtenidos.
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INTRODUCTION
In recent years, an increase in the penetration of ultraviolet radiation has been
reported, caused by a decrease in atmospheric ozone. In South America, this situa-
tion was mainly studied for Patagonia (Cabrera et al., 1995; Villafañe et al., 2001)
and for some mountain zones (Villafañe et al., 1999; Helbling et al., 2002). These
changes in the penetration of ultraviolet radiation induced alterations in freshwater
ecosystems, resulting in physiological changes in plankton organisms, which are
partly reflected in protective and/or reparative responses (Hebert & Emery, 1990;
Villafañe et al., 2001). A natural protective resource against ultraviolet radiation is
dissolved organic carbon, which is able to absorb different wave lengths within the
ultraviolet spectrum (Morris et al., 1995), and which thus can act as a protective
“screen” for the plankton (Williamson et al., 2001; Rautio & Korkhola, 2002a, b;
De los Ríos, 2003). This interaction between ultraviolet radiation and dissolved
organic carbon can also have another positive effect, because it generates mole-
cules that are used by bacteria, and these bacteria are again grazed upon by the
zooplankton (Reche et al., 1998). On the other hand, it can also cause a negative
effect, because this interaction would cause the production of peroxides and re-
active oxygen substances unfavourable for zooplankton organisms (Reche et al.,
1998).
The presence of shallow ponds with high concentrations of dissolved organic
carbon had been reported for moutains lakes in northern Chile (De los Ríos,
2003), and southern Patagonia (Morris et al., 1995; De los Ríos, 2003), whereas,
in contrast, in southern Patagonia there are also great lakes with a notoriously
low level of dissolved organic carbon (Soto & Campos, 1995; Morris et al., 1995;
De los Ríos, 2003).
Crustacean zooplankters exhibit different responses to the exposure to ultravi-
olet radiation. Thus, in the deep and pristine lakes where there is a high penetra-
tion of ultraviolet light, the zooplankton makes vertical migrations to depth zones
without ultraviolet radiation (Storz & Paul, 1998; Rhode et al., 2001; Villafañe
et al., 2001). One typical species from deep lakes and shallow ponds is Neobosmina
chilensis (Daday, 1902), distributed mainly in Patagonia (Campos, 1984; Ruiz &
Bahamonde, 1989; Soto & Zúñiga, 1991; De los Ríos, 2003). In the present study,
the effectiveness of dissolved organic carbon, acting as a protective screen against
ultraviolet radiation was determined experimentally, by monitoring, in different
concentrations, the survival of N. chilensis.
MATERIAL AND METHODS
The experiment was done in the Photobiology Laboratory of the Comahue
National University in Bariloche, southern Argentina. A water sample with a high
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TABLE I
Dissolved organic carbon (DOC) concentrations and absorption coefficients for different wave
lengths within the ultraviolet spectrum as observed for the lakes Escondido and Gutierrez
(from: Morris et al., 1995: 1385)
Site mg/l DOC A305 A320 A340 A380 A440
Escondido Lake 2.66 7.32 6.47 4.51 1.91 0.67
Gutierrez Lake 0.32 0.32 0.71 0.60 0.46 0.11
concentration of dissolved organic carbon was collected in Escondido lake, and
another water sample with low dissolved organic carbon was collected in the
river Gutierrez, an effluent of the lake of the same name (table I; see also Morris
et al., 1995). All samples were filtered at 60 µm for the removal of rotifers and
small planktonic crustaceans. The water of Escondido lake was used as the high
concentration, and was used after mixing with the water from Gutierrez river, at
dilutions of 75%, 50%, 25%, and 1% (table I). Both sites have similar trophic and
chemical characteristics (Pedrozo et al., 1993). Thus, an experimental design in
triplicate was set up.
The experiment was done in 12 quartz tubes of 40 ml, 15 mm inner diam-
eter, which were exposed to ultraviolet light from a fluorescent lamp “Spec-
troline XX15-B” (Spectronic Corporation). This lamp was covered with a di-
acetate cellulose plate that removed wavelengths below 295 nm, and was in-
stalled at a distance of 40 cm from the experimental units. The light included
in the visible spectrum came from two 120 cm fluorescent tubes (Philips day-
light TLT 40W/54RS). The exposure to these radiation fractions would allegedly
generate photoprotective responses against ultraviolet radiation (Zagarese et al.,
1997). The illumination conditions were: 24 h light of visible radiation and 8
h of ultraviolet exposure at a constant temperature of 8◦C. The quartz tubes
were filled with their corresponding solutions of different levels of dissolved or-
ganic carbon, and each one was inoculated with 20 live individuals. According
to other, similar experiments (Zagarese et al., 1997), this density was deemed
adequate to prevent density-dependent effects on the organisms. The experi-
ment was set up at 18:00 hrs. and finished 24 hours later when dead individuals
were counted per treatment. At the end of the experimental period, the individ-
ual mortality in each treatment was thus established, and a regression analysis
was applied to obtain the respective equations using the software package Sta-
tistica 5.0. Finally, the LC50 value (lethal concentration of 50% mortality) was
estimated.
992 PATRICIO DE LOS RÍOS
TABLE II
Results in percentage of average mortality ± standard error, obtained in the experiment with
Neobosmina chilensis (Daday, 1902) described in the present study
mg/l DOC % Dilution % Mortality
2.66 100 63.3 ± 6.0
2.00 75 81.7 ± 1.7
1.33 50 98.3 ± 1.7
0.67 25 100.0 ± 0.0
0.02 1 100.0 ± 0.0
Fig. 1. Results of the mortality of Neobosmina chilensis (Daday, 1902), under UV radiation in
relation to the dissolved organic carbon concentration, as observed in the present study.
RESULTS AND DISCUSSION
The results obtained reveal a direct correlation between the mortality of Neo-
bosmina chilensis as a result of ultraviolet radiation and dissolved organic carbon
(table II, fig. 1), i.e., a linear trend. The absolute mortality was high, which in-
dicates that this species is very sensitive to exposure to ultraviolet radiation. The
LC50 observed was at 4.43 mg/l dissolved organic carbon. Although there was
a high absolute mortality, the direct relation observed between dissolved organic
carbon and absolute mortality indicates that this component of the water is an im-
portant protective resource against ultraviolet radiation for N. chilensis.
The results reveal an inverse correlation between mortality and the dissolved
organic carbon concentration under conditions of exposure to ultraviolet radiation,
and are similar to those obtained for cladocerans of the genus Daphnia in the
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northern hemisphere (Williamson et al., 2001). Species of Daphnia are dominant
in the zooplankton of the lakes on the northern hemisphere (Gillooly & Dodson,
2000), whereas the zooplankton in lakes of southern South America is mainly
characterized by a dominance of calanoid copepods and small cladocerans, such as
N. chilensis (cf. Soto & Zúñiga, 1991; Zagarese et al., 1998; Gillooly & Dodson,
2000). This zooplankton assemblage is frequently found, in many lakes and ponds,
whence it is possible that this assemblage is in fact part of the primary biocoenosis
in large and deep lakes as well as in shallow, small ponds (De los Ríos, 2003).
The presence of the genus Neobosmina in these differing groups of freshwater
ecosystems would indicate that each population would generate different responses
to the exposure to ultraviolet radiation. Thus, for instance, the zooplankton
assemblage of a great lake with high transparency of the water column, is quite
vulnerable to exposure to ultraviolet radiation (Tartarotti et al., 1999, 2000), and
would develop vertical migrations to zones where the ultraviolet radiation does
not penetrate (Van Gool, 1998; Leech & Williamson, 2000, 2001; Vareschi &
Wübben, 2001; Villafañe et al. 2001). Also, in shallow ponds, it is possible that
the dissolved organic carbon would cause a protective effect against ultraviolet
radiation (De los Ríos, 2003), which is supported by the results obtained in the
present study (table II, fig. 1).
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